Studying the association between fitness and cognition in free-living animals is a fundamental step in the elucidation of the evolution of cognition. We assessed whether survival until the onset of the breeding season was related to reaction time or spatial memory in the African striped mouse Rhabdomys pumilio, a rodent that has to survive summer drought before breeding. We tested a total of 90 individuals at the beginning of summer. Female survival was related to a faster response to predation stimuli. Male survival increased with greater spatial memory, possibly because it is important for males to remember the configuration of the environment during dispersal. This study revealed that individual variation in reaction time and spatial memory can be related to survival probability, which is important for understanding the selection pressures acting on basic cognitive traits.
Introduction
Cognition, defined as neural information processing from the perception of stimuli to the retention and use of information from the environment [1] , is involved in guiding a wide range of behaviours. Understanding why animals differ in their cognitive abilities is a crucial challenge in evolutionary biology [2] . To understand the adaptive value of cognitive abilities, we must quantify how and to what extent cognitive variation within species is related to fitness. It has been claimed that basic cognitive traits may prove more useful to test general principles of cognition than specialized and sophisticated cognitive traits [3] . Further, research should focus on cognitive traits that underlie a fitness-determining activity, such as fighting, mating, foraging and predator avoidance [4] .
Several studies found evidence that cognition has a positive influence on fitness proxies, such as growth rate in grasshoppers [5] , stress resilience in honeybees [6] or number of offspring in male gourami fishes [7] . By contrast, while great tits that were better able to solve a foraging problem laid more eggs, they were at the same time more likely to desert their nest and showed lower competitive ability [8] .
We assessed the association between cognitive performance and survival to drought in free-living African striped mice (Rhabdomys pumilio). Neuron numbers can change during harsh seasons [9] , which are thus an appropriate time to study cognitive functions. Survival is an excellent proxy of fitness in this species, because between 35% and 86% (61.1 + 16.8%, n ¼ 8 years) of striped mice disappear during their first dry season and never reproduce [10] . When striped mice detect a predator while foraging in an open field, they search for the safest shelter, which might not be the closest cover. We therefore focused on reaction time and spatial memory as these might be involved in predator detection, foraging and escaping strategies in striped mice.
Material and methods
The study was conducted in Goegap Nature Reserve, South Africa. Striped mice were trapped at their nest for three consecutive days and then observed at sunrise and sunset for another three consecutive days, twice a month as part of an ongoing long-term study. Mice were marked using numbered metal ear tags (National Band and Taf Co., Newport, KY) and commercial hair dye (Rapido, Pinetown, South Africa). Striped mice start long-distance, male-biased dispersal (outside of our study area) at the onset of the breeding season in mid-July [11] .
Tests were performed during austral summer, from 17 January to 8 April 2014. All individuals tested were juveniles (body mass less than 20 g) at time of first capture during the preceding spring. We estimated the number of days that each tested mouse survived from 1 January (beginning of dry season) to 15 July (onset of the breeding season and before long-distance dispersal). A mouse was considered to have died when it had not been trapped or observed for at least two consecutive months.
We measured reaction time to a moving shadow in 20 males and 30 females from 10 different groups. Striped mice bask as groups in the early morning and late afternoon at a close distance to their nest, which exposes them to predation. Mice were habituated to humans and could be observed within 5 m. The experimenter outstretched one arm in a circular and quick motion, so that the shadow of her arm passed over the mice (details in the electronic supplementary material, S1 and S2). We recorded the reaction time to the moving shadow, using a frame-by-frame video analysis.
We performed two laboratory tests in 30 males and 29 females from nine different groups after trapping them at their nest; 19 mice were also tested for the moving shadow test. Mice were tested for the orientation response test within 1 h, caged individually in a quiet room for 1 -2 h, tested for the Barnes maze test and then released at their nest (details in [12] ). The orientation response test uses the natural propensity of rodents to orient their head towards a salient stimulus, which is regarded as a behavioural manifestation of attention [13] . We recorded whether and how fast each individual mouse ( placed in a transparent box) oriented its head to a raptor-stimulus rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160346 appearing on a screen, using a frame-by-frame analysis (details in the electronic supplementary material, S1 and S3). Fifteen mice were excluded from the analyses because they showed no orientation response. The Barnes maze test measures spatial memory by assessing the ability of rodents to relocate a shelter [14] . In brief, mice had six trials to learn the hole giving access to the shelter, followed by an experimental trial in which a bat-like toy was used to mimic a flying predator (details in the electronic supplementary material, S1 and S4). All the mice except five were trapped and retested 8 + 3 days later in the Barnes maze. Thirteen mice were excluded from the analyses because they never entered the shelter. We used the number of errors made: (i) in the experimental trial of the first session to estimate short-term spatial memory, and (ii) in the first trial of the second session to estimate long-term spatial memory.
All statistics were performed with R v. 3.0.2. We used logistic regression analyses to assess the relationship between survival and performance by building a generalized linear-mixed model (GLMM) for binomial data (glmer function in lme4 package) with survival (survivor or non-survivor) specified as the dependent variable and the performance and sex considered as explanatory variables (table 1) . Group identification was entered as a random factor, because family structure and local ecology might be confounding. As male and female striped mice differ in their dispersal strategy, we tested the strength and direction of the correlation between survival (number of days that mice survived) and cognitive performance for each sex separately (Spearman correlation test; table 2).
Results
In the population studied, 149 out of 255 mice (59%) disappeared between January and July 2014. Of the 90 mice tested, 41 were trapped up to 15 July (16 out of 39 males, 25 out of 51 females); they were considered to have survived for 195 days.
We found a significant interaction between sex and reaction time to a moving shadow (GLMM: n males ¼ 20,
survival until the onset of the breeding season was significantly related to reaction time in females (GLMM: n ¼ 30, 
Discussion
To the best of our knowledge, this is the first study relating survival to individual variation in cognition in a free-living mammal. The relationship between survival until the onset of the breeding season and reaction time to a moving shadow in the field differed between female and male striped mice. Female survivors reacted faster than those that disappeared, possibly because greater attention to their environment increased the probability of early predator detection. Male survival was not related to reaction time to the same predation stimulus. Females that survived longer reacted less often over 10 consecutive times (but not slower) to a predatorstimulus presented under laboratory conditions, indicating that they habituated and thus reduced vigilance towards a harmless stimulus.
We found evidence that females which survived longer showed poorer short-term spatial memory. We propose that females may improve survival to drought by enhancing attention processes to avoid predation at the cost of decreased spatial learning processes. Trade-offs have been revealed between decision speed and accuracy in many ecologically relevant tasks and species, possibly resulting from developmental constraints on brain growth and functioning [15] .
Male survival until the onset of the breeding season was positively related to long-term spatial memory. Male African striped mice need spatial memory to explore surrounding territories. They immediately immigrate if a breeding position becomes vacant, and thus have to learn the spatial structure of their new territory. Otherwise, they disperse at the onset of the breeding season [10] , when their spatial performance increases [12] . Male survival thus appears to increase with greater spatial memory, maybe because they have to remember the configuration of their environment during exploration and dispersal, like polygynous voles [16] .
Conclusion
We found a sex-specific relationship between survival until the onset of the breeding season and reaction time to predation stimuli in striped mice. This study revealed that individual variation in reaction time and spatial memory can be related to survival probability, which is important for understanding the selection pressures on cognition. Data accessibility. The data are available as electronic supplementary material.
